I
N Western countries the growing number of elderly and, in particular, very old people has placed increased and unexpected demands on hospitals and the health care system in general (1) . Extreme aged are at the extreme of the life span and may provide insight into the aging process and the impact of chronic disease in late life. A study on Italian centenarians revealed that nearly half were independent, 20% had a normal cognitive function, and 50% a borderline impairment (2) . They are often people in good clinical condition and mentally competent, with a favorable genetic background, a healthy lifestyle, and strong family support; but they are also frail, where a minor illness can affect the delicate physiological equilibrium considerably (3) . The medical and nursing care in hospitals often appears less than optimal for such special patients, and may be less aggressive than that for younger people.
There are few studies about extreme aged: some have evaluated their physiological, psychological, and functional status (4) , others have studied their prevalent diseases and causes of death (5) (6) (7) (8) (9) . The number of cases in these studies has generally been small.
We performed a retrospective study reviewing ante-and postmortem records of all extreme aged who were hospitalized and died in Trieste during a 6-year period in order to: (i) determine the main cause of death in each patient, (ii) collect data on the most frequent diseases affecting these patients, and (iii) establish the clinical diagnostic accuracy rate. No previous study has ever had available autopsy findings on a large sam-M554 pIe of extreme aged that represents the majority of centenarian deaths in a geographic area and correlated autopsy findings with clinical findings.
METHODS
The study population consisted of 114 consecutive patients (17 men, 97 women, age range 97-106 , mean 99) out of the 115 people aged 97 and older who died at the General Hospital of Trieste, Italy, from 1984 to 1989, who underwent a complete autopsy. In that period, a total of 165 people aged~97 years died in Trieste. The control group included 151 patients (85 men, 66 women) randomly selected from the 3043 people (1722 men, 1321 women) in the age range 65-74 (mean 70), who died during the same period in that hospital; whereas a total number of 3958 people aged 65-74 died in Trieste in that period. All the demographic data on the general population in the area and the study population were obtained from the Central Anagraphic Office in Trieste. We did not match the controls for sex because, given the difference in sex composition between the two age groups (85% women in extreme aged vs 43% in controls), this would have influenced the representativeness of the control group. However, we performed a subgroup analysis within the women of the two cohorts. Virtually all the extreme aged who died in hospital during that 6-year period underwent autopsy and entered the study.
We decided not to use the death certificates because of their partial inaccuracy (10) . In a previous study performed in the
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same institution, the causes of death found at autopsy were compared with the official causes of death used for the Italian vital statistics and it was found a correspondence declining with age from 70% in the 75-90 group to less than 30% in the centenarians (11) .
All authors defined together the rules for the analysis and classification of records. In each case, a review of the complete clinical and postmortem record was performed separately by a clinician (P.B.) and a pathologist (P.P.), who coded, respectively, clinical and postmortem diagnoses. Then, the clinician and the pathologist reviewed together all cases to determine the cause of death and discussed all the controversial situations. Diagnoses were grouped in four classes of diseases of major systems (cardiovascular, respiratory, gastrointestinal, and urinary tract) and three other groups (malignant neoplasm, senescence, and accidents and adverse effects), according to the classification used by the U.S. National Institute of Health and utilizing the International Classification of Disease of 1984. In the extreme ages of life, contributory causes of death must be considered in addition to the main causes and the death may not be ascribed to just one final cause. Heart, pulmonary, and renal conditions contribute together to a critical situation, and any acute stress overimposed on these chronic conditions may precipitate end-organ failure. Sometimes the contributions of many conditions are relevant so that even the autopsy examination fails to identify a well-defined cause of death (12) . To describe this pattern, we used the term "senescence" as final cause of death, defined as the advanced atrophy of major organs and tissues without other important lesions.
Analyzing the necropsy results (considered as the gold standard) and the clinical record, the clinician and the pathologist together determined for each case the cause of death and the degree of accuracy of the clinical diagnosis. The cause of death was indicated as the disease that most probably led to death, not merely the terminal event, according to the principles indicated by Hanzlick (13) . The cause of death was the immediate cause in the case of an acute event (e.g., pulmonary embolism) and the underlying cause if no acute event was evident (e.g., cancer). The accuracy rate was graded on a 4-point scale: 1 = good, when the clinical diagnosis included the cause of death and most of the other leading postmortem findings; 2 = sufficient, when only the cause of death was correctly ascertained by the clinician; 3 = poor, when the cause of death was not recognized; 4 =not evaluable, when the clinical data were insufficient or incomplete.
Differences in diagnoses and accuracy rate between extreme aged and controls were examined by chi-square test or Fisher's exact test for specific low number cases.
RESULTS
The causes of death determined from autopsy and supported with clinical findings are shown in Table 1 . On the whole, pneumonia and cardiovascular diseases caused 71 % (81/114) of deaths in extreme aged, whereas cancer, senescence, and digestive apparatus diseases had little impact. The leading cause of death in extreme aged was pneumonia (n = 40, 35%), followed by pulmonary embolism (n =16, 14%), stroke (n =12, 11%), myocardial infarction (n =8, 7%). Cancer (n =7, 6%), acute pulmonary edema (n = 6, 5%), and senescence (n =6, 5%)
were responsible for a small proportion of deaths.
In the control group, the main causes of death were: cancer (n = 64,42%), stroke (n = 18, 12%; mainly in women), myocardial infarction (n = 13,9%), cirrhosis (n = 11, 7%; more represented in men), pneumonia (n = 10, 7%), and pulmonary embolism (n = 5, 3%).
The median duration of hospitalization prior to death for extreme aged (overall, 11 days) with respect to the cause of death was 3 days for myocardial infarction, 9 for acute pulmonary edema, 15 for pulmonary embolism, 16 for stroke, 17 for pneumonia, and 24 for senescence.
The major postmortem findings are listed in Table 2 . The most represented items for extreme aged were cardiovascular diseases (84 cases, 74% of all patients) and pneumonia (69 cases, 61% of all patients). Among digestive apparatus diseases, 16 cases (14% of all patients) had gallstones. Malignant neoplasms (mainly gastrointestinal and breast) appeared in 16 subjects (14% of cases). Controls had lower rates for cardiovascular diseases (86 patients, 57% of cases) and pneumonia (66 patients, 44% of cases); whereas a significantly higher rate was recorded for cirrhosis (42 cases, 28% of patients) and malignant neoplasms (mostly gastrointestinal and lung; 73 cases, 48%), the second most common group of diagnoses.
Clinical diagnoses in extreme aged were similar to diagnoses made by necropsy (data not shown): cardiovascular diseases and pneumonia together constituted more than half of all diagnoses in both sets. There were only a few differences: a lower frequency of pneumonia and digestive apparatus diseases, and an increase of "senescence" in clinical versus postmortem diagnoses. Metabolic diseases (cachexia, diabetes mellitus, dehydration), not diagnosed at necropsy, constituted 12% of diagnoses in extreme aged. There were seven cases of diabetes mellitus, all non-insulin dependent.
Clinical diagnoses in controls also had a similar relation to necropsy. Metabolic diseases represented 10% of diagnoses (21 cases of diabetes, 14% of patients). Sixteen patients among controls underwent surgery during the hospitalization compared to none of the extreme aged.
The global accuracy rate for clinical diagnoses with reference to necropsy was good in 44% of extreme aged, sufficient in 18%, poor in 28%, and not evaluable in 10%. In controls, the accuracy rate was good in 56%, sufficient in 17%, poor in 25%, and not evaluable in 3%. These differences were statistically significant (p =.037). Looking at the main causes of death (Table 3) , in both groups cancer and cirrhosis were almost always recognized by the clinician, and acute pulmonary edema, stroke, and senescence had a good detection rate. On the contrary, in extreme aged a net clinical underestimation occurred for pneumonia (13/40) and myocardial infarction (118), whereas in younger old people these diseases were correctly diagnosed somewhat more frequently (6/10 and 6/13 respectively). Pulmonary embolism maintained a very low detection rate in both groups: 2/16 in extreme aged and 0/5 in controls; only 71114extreme aged were treated with prophylactic heparin.
DISCUSSION
In the clinical record of old people who die in the hospital, a large number of diagnoses are usually reported, among which the cause of death may not be obvious (14) . To gain a more accurate view of actual causes of death, autopsy is necessary (15) . A major limitation of most studies on extreme aged is the low number of cases. Furthermore, the autopsy rate, usually low worldwide, is even lower for older subjects, making the risk of selection bias particularly high (8, 16) . Trieste is a privileged observatory for several reasons: (a) it is an area with a homogeneous population (approximately 250,000 people) where the progressive aging of the population, typical of western countries, is even more pronounced; in fact the aging index (number of persons aged 65 or older divided by number of persons aged 14 or younger times 100) is 190, versus 130 in Italy on the whole (17); (b) the General Hospital of Trieste admits almost all the inpatients in the area and the majority of extreme aged (70%) die in the hospital; (c) at our institution the autopsy rate until 1990 was 97% in all ages (18) , versus rates ranging from 5 to 50% in other studies (8, 15, 16, 19, 20) . This was possible because the Italian law does not require family permission to perform an autopsy and because of the committment of the Istituto di Anatomia Patologica to do postmortem epidemiologic research. Thus, the unique feature of this study is that it includes an autopsy series of the majority of extreme aged who died in this geographical area over many consecutive years. In fact, unlike other parts of Italy, here most dying people are taken to the hospital by relatives and this is valid for all ages (18). We do not have any information on people who were not hospitalized, but we can assume that they did not differ from the study group.
All vascular and respiratory disease caused 84% of deaths in hospitalized extreme aged, with the most common cause of death being pneumonia (n =40,35% of cases). This is in agreement with other series, where pneumonia was the leading cause of death (7) . The link between cardiovascular and respiratory disease is well-known in the very old, where pneumonia frequently leads to heart failure and heart disease is a risk factor for respiratory complications. An important finding of this study was the low rate of cancer in our extreme aged (6%), whereas it was the leading cause of death in controls (42%), followed by cardiovascular disease. The absence of prostate cancer in male centenarians is remarkable, although the number of male centenarians was small. These data are well in accor-
Table2. MajorPostmortem Diagnoses in Hospitalized Extreme Aged Patients and Controls
Cases Controls dance with the study of Stanta and colleagues (II) which anavation (autopsies performed between 1921 and 1983). We must lyzed the occurrence of cancer in 507 autopsies of persons aged also consider that establishing the cause of death in elderly per-75 and older (99 of whom extreme aged) and found a progressons with cancer may be a complicated task, because the consive decline in prevalence and incidence of malignant tumors tributory effects of the multiple comorbidities are often imporafter age 90-95. On the contrary, cancer was still a frequent tant (12) . Our data are in accordance with a study (1) performed cause of death (25%) in 32 extreme aged studied by Klatt and by the Italian Group of Drug Surveillance in the Elderly Meyer (7) ; but this study had some potential biases: low au-(Gruppo Italiano di Farmacovigilanza nell' Anziano, GIFA) on topsy rate, low number of cases, and prolonged period of obsermore than 10,000 elderly patients, mean age 67, who were ad- mitted to 45 internal medicine and geriatric wards. In that study, cardiovascular diseases were the most common cause of morbidity and mortality, and increased with age (41% of diagnoses after the age of 70); respiratory diseases had the same pattern (11 % of diagnoses over 70), whereas tumors increased up to the sixth decade of life and then decreased (8% of diagnoses after 70). Kuramoto and colleagues also found a decrease in cancer prevalence with advance in age starting in the seventies (21). Imaida and colleagues (22) , in an autopsy series of 871 cases aged 48 to 100 and older, found no difference in the incidence of cancers for different age groups in either men or women, but a significant decrease in the incidence of deaths due to cancer in subjects aged 90 and over, due mainly to an increase of latent cancers in the latter group. Compared to the GIFA and other studies (9,16) with younger ages (70-95), in our group of extreme aged, there were higher rates of pneumonia and pulmonary embolism, and less cancer, myocardial infarction, and cirrhosis. The reason for low cancer rates in extreme aged is not known. It is possible that all those with increased risk due to genetics, environmental exposures, and risky health behaviors die before reaching 100. Many characteristics of extreme aged, including their exceptional genetic background, still efficient immune systems, and healthy and active lifestyles, may explain their low cancer rates (2) (3) (4) (5) 23) . The decrease of malignant tumors in the extreme ages of life can be further studied from a biological point of view, particularly for the low tendency to metastasize, and this can improve the knowledge in the biology of tumors in general and offer some chances for treatment (11) .
The subgroup analysis considering only women did not alter the figures of the whole group in extreme aged people. In controls it revealed a prevalence of stroke in women, whereas men were more affected by myocardial infarction, atherosclerosis, cancer (gastrointestinal, lung, liver,pancreas), and cirrhosis.
All postmortem records included brain autopsy, but histological examination to detect specific neurological diseases (Alzheimer's disease, Pick's disease, Parkinson's disease) were not systematically performed. This probably did not biased our results, given that in the clinical records there were no diagnoses of dementia or Parkinson's disease in extreme aged (vs seven cases in controls), and that the cases of senescence (group that could have some "hidden" neurological disease) were very few. Furthermore, neuropathological and epidemiological studies do not suggest a higher rate of neurological and cognitive alterations in extreme aged (24) .
Only 5% of deaths were attributable to senescence and 95% of extreme aged died from a recognizable disease, in particular acute events with a "background" of chronic diseases. In fact, if we consider sudden-onset events (pneumonia, pulmonary embolism, stroke, myocardial infarction, and acute pulmonary edema) versus chronic events (cancer, senescence, and cirrhosis), the first group affected 72% of extreme aged and 31% of controls. Our results do not correspond to the findings of other case series where senescence accounted for up to 25% of deaths (8) . These studies are usually affected by severe biases such as low autopsy rate and small number of cases, or a wide time range during which the work was performed (both distribution of diseases and autopsy protocols may change over decades). Our data suggest that, if autopsies are systematically and carefully performed, the cause of death is usually found and, even in very old people near the biological ceiling of the human life span, the leading causes of death/often acute diseases, are detectable.
The global accuracy rate of clinical diagnosis in extreme aged (good 44%, sufficient 18%) was slightly worse than in younger controls (good 56%, sufficient 17%). The errors were mainly due to underdiagnosis and not to overdiagnosis, in accordance with a previous study which found false-negative death certificates in around 40% of cases (12) . In various studies (14) (15) (16) 19, 20, 25, 26) , the discrepancy between clinical and postmortem diagnosis ranged from 6 to 80% in the general population. According to some authors (15, 20) the accuracy rate is not influenced by age and duration of hospitalization, whereas others (14, 25) found that the accuracy rate was lower in older patients. Furthermore, the real impact of diagnostic errors is debatable in older patients affected by multiple and often terminal diseases (26) ; in fact Middleton and colleagues (27) found a higher rate of minor diagnostic errors in older patients, but they had little impact on therapy or outcome. If we look in detail at the major causes of death (Table 3) , three diseases had a low detection rate in extreme aged: pneumonia, myocardial infarction, and pulmonary embolism (respectively, 33%, 13%, and 13%). The failure to diagnose myocardial infarction presumably did not modify the clinical outcome, because an active treatment such as thrombolysis or antiarrhythmic therapy is not recommended. On the other side, prevention and treatment of pneumonia and pulmonary embolism are relatively simple and effective also in extreme aged. In particular, pulmonary embolism had even poorer detection in controls (0 out of 5 cases), it was not correlated with the duration of hospitalization and was probably the disease most difficult to recognize, as reported by other authors (19, 28, 29) . Prophylaxis of deep venous thombosis and pulmonary embolism with heparin is unequivocally beneficial in patients identified to be at high risk (30) . Given the inverse relation between mobilization of patient and occurrence of fatal pulmonary embolism (19) , we suggest that immobilized extreme aged should be strongly considered for prophylaxis with heparin as they enter the hospital.
In conclusion, considering that extreme aged people usually maintain a reasonably good quality of life (high rate of independency and relatively low rate of cognitive impairment), they should benefit from the same diagnostic and therapeutic opportunities as younger patients. Diseases which are difficult to detect but with a major clinical impact (pneumonia and pulmonary embolism) should be considered with a high degree of suspicion by clinicians engaged in medical care of extreme aged. The low rate of cancer in extreme aged, if confirmed in further studies, offers a fruitful area of research on aging and cancer.
